Repeated applications of Cd-rich phosphate fertilizers have resulted in elevated concentrations of this toxic element in some New Zealand soils. Exceedance of the food safety standard for Cd (0.1 mg kg -1 fresh weight) has been reported for potato (Solanum tuberosum L.). Composts may efficiently sorb Cd in soil and therefore reduce its phytoavailability, leading to reduced uptake by plants. We aimed to determine the potential of various composts, shredded corn stover, and lime at two different rates to reduce the transfer of Cd from a soil (containing 1.45 mg kg -1 Cd) to potato (var. 'Nadine'). In the control, the peeled tubers, skins, leaves, and stems had Cd concentrations of 0.04, 0.09, 0.26, and 0.53 mg kg -1 dry weight, respectively. There was a 71% reduction in tuber Cd concentrations in potatoes grown in soil amended with 5% (w/w) shredded corn stover, although it significantly decreased potato biomass. Potatoes grown in soil amended with pig manure compost, mushroom compost, sawdust-animal waste compost, and municipal compost at rates of either 2.5 or 5% (w/w) reduced tuber Cd concentrations by 58 to 66%, 46 to 63%, 52 to 53%, and 29 to 49%, respectively. Lime (1.3%) application in soil reduced tuber Cd concentrations by 50%. Composts significantly increased tuber biomass. Further work is warranted to identify the key components of composts that result in reduced Cd uptake by plants.
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Effects of Lime and Organic Amendments Derived from Varied Source Materials on Cadmium Uptake by Potato
Shamim Al Mamun, Niklas J. Lehto, Jo Cavanagh, Richard McDowell, Munmun Aktar, Ebrahim Benyas, and Brett H. Robinson* C admium (Cd), a nonessential trace element (KabataPendias and Mukherjee, 2007) , has accumulated in many soils worldwide (Hooda, 2010; Kabata-Pendias and Mukherjee, 2007; Kabata-Pendias and Pendias, 2001) . Humans are exposed to Cd through contaminated food products, which may result in adverse health effects (Bernard, 2008; Dziubanek et al., 2015; Fekete et al., 2001; Järup and Åkesson, 2009; Peters et al., 2010; Sigel et al., 2013) . The concentration of Cd in the renal cortex of the kidneys increases with time.
Cadmium accumulates in agricultural soils from the repeated application of phosphorus (P) fertilizers (Loganathan et al., 2003; Pérez and Anderson, 2009; Roberts et al., 1994; Schipper et al., 2011; Taylor, 1997; Taylor et al., 2007) as well as industrial activities and the land application of biosolids (Kabata-Pendias and Mukherjee, 2007) . It has been reported that Cd may be accumulating in New Zealand soils (N. Kim, unpublished data, 2005) , with market garden soils accumulating more than other agricultural practices because of higher fertilizer inputs (Cadmium Working Group, 2011) . Cadmium in agricultural land is of concern in New Zealand and Australia because these countries historically manufactured superphosphate using phosphate rock from Nauru and Christmas Island containing relatively high Cd concentrations (>600 mg Cd kg -1 P) (Syers et al., 1986) . Increased Cd in soil has been linked to increased uptake by plants (Dziubanek et al., 2015; Fekete et al., 2001; Krauss and Diez, 1997; MacLean, 1976; McLaughlin et al., 1997; Pérez and Anderson, 2009; Rai et al., 2015; Weggler-Beaton et al., 2000) and accumulation in the food chain (EFSA, 2012; N. Kim, unpublished data, 2005) .
Potatoes (Solanum tuberosum L.) are a staple food in many countries and can accumulate Cd at a concentrations (in fresh weight) of 0.002 to 0.3 mg kg -1 (Kabata-Pendias and Mukherjee, 2007; McLaughlin et al., 1994a McLaughlin et al., , 1994b N. Kim, unpublished data, 2005) , which is equivalent to 0.01 to 1.5 mg kg -1 dry weight (assuming a moisture content of 80%). A survey of potatoes grown in the Waikato Region of New Zealand was conducted (N. Kim, unpublished data, 2005) and showed that 1.5% of the potatoes exceeded the WHO and Australia and New Zealand Food Standard of 0.1 mg kg -1 fresh wt. (Bigdeli and Seilsepour, 2008; FSANZ, 2015) . In Australia, McLaughlin et al. (1997) reported Cd concentrations more than double the guideline value (0.232 mg kg -1 fresh wt.) in potatoes in some samples. Per capita potato consumption rates in the United States, United Kingdom, Russia, Poland, Germany, and New Zealand are 55, 105, 110, 149, 146, , respectively (Lisinska and Leszczynski, 1989; Russell et al., 1999) . In high potato-consuming countries, even potato Cd concentrations below the permissible limits may also pose risk to human health (EFSA, 2012) . Therefore, there is an imperative to reduce the transfer of Cd from soil to potato tubers.
Soil properties significantly affect the uptake of Cd by plants ( Kabata-Pendias and Mukherjee, 2007; McLaughlin et al., 1994b; Merian, 1991) . These properties can be modified by the use of soil amendments that have high numbers of functional groups that can reduce the phytoavailability of Cd (Pusz, 2007) . Simmler et al. (2013) showed that certain organic amendments sorb significant amounts of Cd. In particular, composts have more than fourfold higher Cd sorption capacity than soils (Al Mamun et al., 2016) . Increasing metal sorption in soil through the use of pH manipulation or introducing sorbing agents decreased the uptake of Cd by plants (Simmler et al., 2013; Valentinuzzi et al., 2015) . Municipal composts reduced Cd uptake in spinach, lettuce, and onion by up to 60% (Al Mamun et al., 2016) . Only one type of compost (municipal compost made from lawn clippings, tree pruning, and food debris) was tested in this study.
The use of composts may improve soil fertility and reduce the need for mineral fertilizers and associated Cd inputs. Composts improve the physical properties of soils by increasing total pore space, aggregate stability, nutrient-and water-holding capacity, erosion resistance, and temperature insulation and by decreasing apparent soil density. Composts can also improve the chemical properties of soils by modifying the soil pH (Sarwar et al., 2008; Shiralipour et al., 1992) , cation exchange capacity (CEC), and soil nutrient content (Shiralipour et al., 1992) and can significantly increase the growth of plants (Barkoczi et al., 2008; Khan et al., 2007; Muhammad et al., 2007) .
Depending on the soil properties, plant species, and application rates, liming can either decrease or increase the transfer of Cd from soil to plants in field conditions (Chaney et al., 2009; Hong et al., 2007; Maier et al., 1997; Tiller et al., 1997) . Maier et al. (2002) observed that liming effectively reduced the accumulation of Cd in potato tubers in three soils where the initial pH of the soils ranged between 4.1 and 4.7. Maier et al. (1997) reported that when calcite lime was applied at a rate of 20 t ha -1 in field conditions and potato was grown, liming of the soil did not reduce the concentration of Cd in potato tuber. In some cases liming increased plant Cd uptake even though soil pH increased by two units. Shaheen and Rinklebe (2015) observed that liming the soil decreased the phytoavailable and exchangeable Cd in soil (Chen et al., 2016) but increased the concentration of Cd in rapeseed in the field trial (Shaheen and Rinklebe, 2015) . The increase in Cd uptake may be due to an induced Zn deficiency at high soil pH, which persuades the plant to produce more root Zn transport proteins to obtain adequate soil Zn to check the Zn deficiency stress (Chaney et al., 2009) . Because the Zn transport proteins also accumulate Cd, increased Zn transporting protein production by plants may cause even higher Cd accumulation during Zn deficiency stress in plants (Hart et al., 2002) . Moreover, liming can create an imbalance among the nutrient elements in soil, specifically through significantly decreasing the concentration of essential nutrient elements K, Mn, B, and S (Maier et al., 2002) .
We aimed to understand the influence of compost type and properties on the transfer of Cd from a soil (containing 1.5 mg kg -1 Cd) to potato (var. 'Nadine'). We sought to compare the effects of compost with lime added at 0.6 and 1.3% (w/w). Furthermore, we aimed to elucidate the effects of these soil amendments on the growth and nutrient uptake of potato.
Materials and Methods

Soils
We collected soil from a market garden in Pukekohe (37°13¢18.92¢¢ S, 174°52¢5.94¢¢ E) in the North Island of New Zealand. Samples were collected evenly across an area of 30 m 2 within the plow depth (0-0.25 m), and large stones and roots were removed manually. Soils were homogenized using a spade. A subsample was dried in an oven at 70°C for 1 wk, ground, and passed through a 2-mm plastic sieve before analysis. Table 1 shows the soil properties.
Composts and Lime
We used four commercially available composts made from contrasting raw materials (Table 1) : municipal green waste compost (MC), animal offal and sawdust compost (SD), mushroom industry residue compost (MS), and pig manure and sawdust compost (PG). The effects of shredded corn stover (SC) and lime (LM) were also considered. Laboratory-grade dry lime powder (calcium carbonate) was used (AnalaR NORMAPUR, VWR, PROLABO).
Treatments
Soils were mixed with the following specific treatments: the composts and shredded corn stover at (w/w) application rates of 0% (control), 2.5% (Treatment 1), and 5% (Treatment 2) and lime at a rate of 0.6% (Treatment 1) and 1.3% (Treatment 2). All treatments were replicated three times. Liming rates were chosen following Valentinuzzi et al. (2015) , who demonstrated these rates effectively reduced the Cd uptake by lupin (Lupinus albus L.). The pots were placed in a greenhouse in a randomized block design, where the temperature ranged between 15.6 and 27.4°C over the growth period.
Pot Trial
Seed potatoes (Solanum tuberosum 'Nadine') were purchased from a seed supplier (Morton and Smith). After a 7-d incubation in covered trays, the sprouted potatoes were planted on 18 Aug. 2014 in 5-L pots containing approximately 5 kg of soil (dry weight). Plants were watered daily in the morning up to field capacity, and weeds were removed manually. The potatoes were harvested when the plants showed symptoms of shoot dieback. For the SC-treated soils, this occurred 75 d after planting. All other treatments were harvested 60 d after planting. No fertilizers were applied before or during the growth period.
Soil samples were collected at the time of harvesting potatoes from each pot. Care was taken to avoid scratching the potato tubers. The aboveground portions and the tubers were separated and washed three times with tap water followed by three washings with deionized water. The tubers were dried with paper towels, the fresh weights of the tubers were obtained.
The potato skin (1-2 mm) was separated using a clean stainless steel knife, and the potato was cut in to small pieces to facilitate grinding. The aboveground portions were separated in to shoots and leaves. All plant parts were kept in labeled paper envelopes and left in an oven at 70°C until a constant weight was obtained (~1 wk). Paper envelopes were immediately transferred to sealed polythene sacks to prevent absorption of moisture from the air. After weighing and grinding, samples were placed in sealed plastic vials before analysis.
Chemical Analysis
Soil pH was determined using 10 g of soil and 25 mL of deionized water (18.2 MΩ resistivity; Heal Force SMART Series, SPW Ultra-pure Water system, Model-PWUV) at a solid/water ratio of 1:2.5 (1:10 for composts and shredded corn stover). The mixture was shaken, left to equilibrate for 24 h before measurement and shaken again before determination with a pH meter (Mettler Toledo Seven Easy) (Blakemore, 1987) . We measured CEC using the 0.01 M Silver Thiourea (AgTU) method (Blakemore, 1987 ). An Elementar Vario-Max CN analyzer was used to analyze the total carbon and nitrogen content in the soil and compost samples.
The phytoavailable fraction of Cd in the soils was determined using a modified 0.05 M Ca(NO 3 ) 2 extraction based on Black et al. (2012) and Gray et al. (1999a, 199b) . Briefly, in a centrifuge tube, 5 g of soil was mixed with 30 mL of extractant using a vortex mixer, and a suspension was formed. The centrifuge tube was agitated for 2 h using an end-over-end shaker and then centrifuged at 3000 rpm for 15 min. The supernatant was filtered through Whatman no. 52 filter paper and frozen until analysis.
Pseudo-total elemental analyses of plants were performed using microwave digestion (MARSXPRESS, CEM Corp.) of 0.5 g of plant sample in 8 mL of Aristar nitric acid (±69%) and filtered through Whatman no. 52 filter paper (pore size, 7 µm) after dilution with milliQ water to a volume of 10 mL. For soils, a block digest method was used following the procedure of Kovács et al. (2000) . We also analyzed Certified Reference Materials for soil (International Soil analytical Exchange-ISE 921) and plant (International Plant analytical Exchange IPE 100) from Wageningen University, The Netherlands.
Concentrations of Cd, Ca, Mg, K, S, B, Cu, P, Pb, Zn, Cr, Ni, and Zn were determined using inductively coupled plasma optical emission spectrometry (Varian 720 ES-USA) in soils (Kovács et al., 2000) and in plants (Simmler et al., 2013; Valentinuzzi et al., 2015) . Extraction and digestion solution and method blanks were analyzed in triplicate as part of standard quality control procedure for the analysis and were as below the detection limit of inductively coupled plasma optical emission spectrometry for all metals. Recoverable concentrations of the Certified Reference Materials were within 93 to 110% of the certified values. 11 (1) 46 (2) 42 (3) 46 (2) 44 (1) 21 (2) Moisture, % 30 (2) 24 (3) 73 (4) 42 (3) 42 (2) 25 (2) C, % 47 (2) 19 (2) 34 (3) 20 (2) 
Statistical Analysis
We used Minitab 17 (Minitab Inc.) and Microsoft Excel 2013 to analyze data. Analysis of variance with Fisher's LSD post hoc test was used to assess the effects of different treatments. The significance level for all statistical analyses was P < 0.05.
Results
Effect of Amendments on Cd Concentration in Peeled Potato Tubers
The Cd concentration in the peeled tubers ranged from 0.01 to 0.04 mg kg -1 dry wt. (Fig. 1) , which is at the lower end of the range of 0.01 to 1.50 mg kg -1 dry wt. reported in the literature (Kabata-Pendias and Mukherjee, 2007; Kim, 2008; McLaughlin et al., 1994a McLaughlin et al., , 1994b . The moisture content in our potatoes was 82% (w/w). Therefore, the fresh weight Cd concentrations of the tubers ranged from 0.002 to 0.008 mg kg -1 . This Cd concentration is well below the World Health Organization's and Food Standards of Australia and New Zealand's limit for Cd in vegetables of 0.1 mg kg -1 (fresh wt.) (Bigdeli and Seilsepour, 2008; FSANZ, 2015) and the Codex limit of 0.1 mg kg -1 fresh wt. for potatoes (Codex, 2011; Codex, 2015) .
All the composts significantly decreased (P < 0.05) the concentration of Cd in peeled tubers (29-73%) compared with the control (Fig. 1) . The greatest reduction in the Cd concentration compared with the control was achieved by the SC treatment (71%). Potatoes grown in soils treated with PG, MS, SD, and MC accumulated less Cd (58-66%, 46-63%, 52-53%, and 29-49%, respectively) in the potato flesh compared with the control. The 0.6 and 1.3% lime treatments decreased Cd concentration in the peeled tubers (by 43-54%).
Cadmium in Potato Skins and Shoots
The Cd concentration in potato skins varied from 0.02 to 0.09 mg kg -1 dry wt. (Fig. 2) . All treatments in soil significantly decreased the concentration of Cd in potato skins except the potato skins grown in soils treated with MC1 and PG2 (Fig. 2) . The greatest reduction (85%) in the potato skin Cd concentration was observed in soils treated with SC2, followed by soils treated with SC1 (70% reduction), SD2 (63% reduction), and L1 (62% reduction). No significant difference was observed in the concentration of Cd in potato skin grown in the two rates of soil amendments except MC-treated soils, where potato skins of potato grown in MC2-treated soils had significantly less Cd concentration than that of MC1-treated soils.
The Cd concentrations in the potato stems ranged from 0.18 to 0.94 mg kg -1 dry wt. (Supplemental Table S1 ). Both the rates of MC and SD and the 2.5% rate of PG significantly reduced the concentration of Cd in potato stem (by 62, 66, 62, 67, and 66%, respectively) , whereas SC1 increased the concentration of Cd compared with control. The Cd concentrations in the potato leaves ranged from 0.11 to 0.27 mg kg -1 dry wt. (Supplemental Table S2 ). Both the rates of SC and LM 1 significantly decreased the concentration of Cd in potato leaves by 52, 56, and 51%, respectively.
Concentrations of Other Elements
Unlike Cd, the treatments had no consistent effect on the other elements in the tubers, peel, stems, or leaves (Tables  2-5; Supplemental Tables S1 and S2 ). The concentration of B decreased in potato tubers grown in soils treated with both rates of LM and SC (Table 3 ). The Zn concentration in potato tubers ranged from 16.7 to 23.0 mg kg -1 , and no consistent differences were observed for Zn accumulation in potato tuber compared with control. There were no significant differences in the concentration of P in the potato tubers, skins, or stems. Phosphorous in potato leaves increased in the SC treatments. All the treatments reduced the Zn and Fe concentrations in potato skins.
Effect of Treatments on Potato Growth
Composts significantly increased the growth of both tubers and shoots ( Fig. 3 and 4) . The LM treatments significantly increased the tuber growth but decreased the shoot growth. Treatment with SC decreased potato tuber and shoot growth. An unpleasant odor emanated from the SC soil, indicating that it may have turned anaerobic after approximately 3 wk, which may explain the poor yield. The highest tuber growth was observed in soils treated with MC2 (168% increase), followed by soils treated with PG1 (112% increase), MS2 (109% increase), MC1 (106% increase), MS1 (102%), PG2 (67%), SD2 (63%), SD1 (47%), LM1 (45%), and LM2 (33%). The addition of SC1 and SC2 decreased potato growth by 50 and 60%, respectively. Table 6 shows that all treatments increased pH except SD1, SD2, PG2, and SC1, which had no significant effect on pH. The LM treatments resulted in by far the largest pH increase by 1.0 to 1.2 pH units, respectively, whereas the composts either had no effect or resulted in a slight increase (<0.4 pH units). All the 
Effect of Treatments on Soil Properties
Fig. 2. Cadmium concentration in potato skins (dry weight). Bars represent SEM (n = 3). Values with the same letters are not significantly different.
composts significantly increased C and N, and there was a small increase in the C/N ratio in all treatments.
All of the organic amendments reduced Ca(NO 3 ) 2 -extractable Cd in the soil, except PG2 (Table 7 ). The effect of the composts on the Ca(NO 3 ) 2 -extractable concentrations of other elements was variable, with the changes reflecting the composition of the composts (Table 1 ). The LM treatments caused an approximately 10-fold decrease in Ca(NO 3 ) 2 -extractable Zn, whereas the effect of the composts was smaller and in many cases not significant (Table 7) 
Discussion
The low Cd concentrations in the potato tubers was not anticipated because the soil Cd concentration (1.48 mg kg -1 ) is within the top 5% of New Zealand soils (Reiser et al., 2014) , although the same low concentration was observed in the potato tubers in New Zealand soils by Kim (2008) and in Australia by Maier et al. (2002) . In contrast to the tubers, the Cd concentrations in the stems and leaves of potato were with the range (0.2-0.9 mg kg -1 ) of concentrations reported by Maier et al. (2002) . This indicates that the low concentration of Cd in the tubers is the result of plant physiological processes rather than low Cd bioavailability in the soil. Given that Cd is relatively phloem immobile (Uraguchi et al., 2009 ), one would not expect high Cd concentrations in the tubers, which receive most of their nutrients via the phloem .
The lower tuber Cd concentrations in our study compared withthose reported by other authors (Kabata-Pendias and Mukherjee, 2007; McLaughlin et al., 1994a McLaughlin et al., , 1994b N. Kim, unpublished data, 2005) may be due to differences in variety, although McLaughlin Table 2 . Elemental composition of the peeled potato tubers: macronutrients. (340) 1,900 (206)a † Control, no treatment in soil; LM 1 and LM 2, lime 0.6 and 1.3%, respectively; MC 1 and MC 2, municipal green waste compost 2.5 and 5%, respectively; MS 1 and MS 2, mushroom industry residue compost 2.5 and 5%, respectively; PG 1 and PG 2, pig manure composted with sawdust 2.5 and 5%, respectively; SC 1 and SC 2, shredded corn stover 2.5 and 5%, respectively; SD 1 and SD 2, sawdust composted with animal offal 2.5 and 5%, respectively. ‡ ns, no significant differences between P concentrations. § Standard errors are given in parentheses (n = 3). Values in the same column with the same letters are not significantly different. (14)abcd 23 (3)a † Control, no treatment in soil; LM 1 and LM 2, lime 0.6 and 1.3%, respectively; MC 1 and MC 2, municipal green waste compost 2.5 and 5%, respectively; MS 1 and MS 2, mushroom industry residue compost 2.5 and 5%, respectively; PG 1 and PG 2, pig manure composted with sawdust 2.5 and 5%, respectively; SC 1 and SC 2, shredded corn stover 2.5 and 5%, respectively; SD 1 and SD 2, sawdust composted with animal offal 2.5 and 5%, respectively. ‡ Standard errors are given in parentheses (n = 3). Values in the same column with the same letters are not significantly different. 
, no treatment in soil; LM 1 and LM 2, lime 0.6 and 1.3%, respectively; MC 1 and MC 2, municipal green waste compost 2.5 and 5%, respectively; MS 1 and MS 2, mushroom industry residue compost 2.5 and 5%, respectively; PG 1 and PG 2, pig manure composted with sawdust 2.5 and 5%, respectively; SC 1 and SC 2, shredded corn stover 2.5 and 5%, respectively; SD 1 and SD 2, sawdust composted with animal offal 2.5 and 5%, respectively. ‡ ns, no significant differences between P concentrations. § Standard errors are given in parentheses (n = 3). Values in the same column with the same letters are not significantly different. 9.6 (1)e 0.1 (0.01)c 10.7 (1.9)a 40 (12)b 9 (0.3)b 1.4 (0.5)ab 24 (3)b † Control, no treatment in soil; LM 1 and LM 2, lime 0.6 and 1.3%, respectively; MC 1 and MC 2, municipal green waste compost 2.5 and 5%, respectively; MS 1 and MS 2, mushroom industry residue compost 2.5 and 5%, respectively; PG 1 and PG 2, pig manure composted with sawdust 2.5 and 5%, respectively; SC 1 and SC 2, shredded corn stover 2.5 and 5%, respectively; SD 1 and SD 2, sawdust composted with animal offal 2.5 and 5%, respectively. ‡ Standard errors are given in parentheses (n = 3). Values in the same column with the same letters are not significantly different. (1994a) reported only small differences in Cd uptake between varieties. In our study, the potatoes were peeled with a knife to ensure that no skin and associated soil particles remained on the tuber. Knife peeling removes a greater portion of the tuber than a typical peeler. If the potato flesh directly under the skin has a higher Cd concentration than the remainder of the tuber, then this would explain our lower Cd results in our study. The concentration ratio of the potato flesh:skin/peel:shoots was 2:5:29, with little variation between treatments. This is similar to other experiments with potato (Corguinha et al., 2012; Reid et al., 2003) . Some of Cd in potato skins may arise from the incorporation of soil particles into the skin that could not be removed even after washing.
All amendments significantly reduced Cd uptake by the potato tubers and most amendments reduced uptake into the shoots. A similar result was also observed by Kim et al. (2016) , who observed a reduction in the accumulation of Cd due to the application of lime and peat, although in their experiment the soil had exceptionally higher Cd concentration than in our experiment (55 mg Cd kg -1 soil vs. 1.5 mg Cd kg -1 soil) where the Cd concentration was elevated due to the application of P fertilizers in New Zealand agricultural soils (Taylor, 1997) . The reduction in Cd uptake may be partially explained by the reduction in bioavailable Cd [estimated in our experiments using a 0.05 M Ca(NO 3 ) 2 extraction], which occurred in all of the treatments and which has been reported by other authors with different plants (Pandit et al., 2012) and soils (Kim et al., 2016; Pandit et al., 2012) . Black et al. (2012) and Gray et al. (1999a Gray et al. ( , 1992b reported a strong positive correlation between plant Cd and Ca(NO 3 ) 2 -extractable Cd in a single soil type.
For the MC, MS, and PG1 treatments, the reduced Cd concentration in the tubers may be partly explained by the small Table 6 . Soil pH, total C and N, and 0.05 M Ca(NO 3 ) 2 -extractable macronutrient elements. (88)c † Control, no treatment in soil; LM 1 and LM 2, lime 0.6 and 1.3%, respectively; MC 1 and MC 2, municipal green waste compost 2.5 and 5%, respectively; MS 1 and MS 2, mushroom industry residue compost 2.5 and 5%, respectively; PG 1 and PG 2, pig manure composted with sawdust 2.5 and 5%, respectively; SC 1 and SC 2, shredded corn stover 2.5 and 5%, respectively; SD 1 and SD 2, sawdust composted with animal offal 2.5 and 5%, respectively. ‡ Standard errors are given in parentheses (n = 3). Values in the same column with the same letters are not significantly different. ab † Control, no treatment in soil; LM 1 and LM 2, lime 0.6 and 1.3%, respectively; MC 1 and MC 2, municipal green waste compost 2.5 and 5%, respectively; MS 1 and MS 2, mushroom industry residue compost 2.5 and 5%, respectively; PG 1 and PG 2, pig manure composted with sawdust 2.5 and 5%, respectively; SC 1 and SC 2, shredded corn stover 2.5 and 5%, respectively; SD 1 and SD 2, sawdust composted with animal offal 2.5 and 5%, respectively. ‡ Standard errors are given in parentheses (n = 3). Values in the same column with the same letters are not significantly different.
increase in pH of the amended soils (Table 6 ). However, most of the decrease in tuber Cd may be attributed to the increase in Cd-binding sites on the composts, which is indicated by their high CEC values (Table 1 ). The CEC of the composts in this study was similar to those reported in other composts and organic amendments (Pusz, 2007; Simmler et al., 2013) . The increase in CEC in the amended soils is likely due to the high concentration of organic C in the composts (20-47%) compared with the soil (2.2%). Although Fe oxides are important for Cd binding in soil (Covelo et al., 2007) , the Fe concentrations in the composts tested were an order of magnitude less than the soil (Table 1) . For all treatments except the SC, the increased growth of the tuber may have resulted in a lower Cd concentration due to a "dilution effect" (Robinson et al., 2009 ). This effect may also explain the increased shoot Cd in the SC1 treatment where the shoot growth was significantly reduced.
It is unlikely in this study that Zn reduced Cd uptake by alleviating Zn deficiency because the soil contained 174 mg kg -1 Zn (Table 1) , which is more than double the mean Zn concentration in New Zealand pastoral soils (65 mg kg -1 ) (Reiser et al., 2014) . Nevertheless, in Zn-deficient soils, the higher Zn concentrations (>200 mg kg -1 ) of the MC may supply sufficient Zn to reduce plant Cd uptake. The MS and PG amendments may reduce Cd uptake by reducing the expression plant Zn transport proteins (which also transport Cd) that are produced in Zn-deficient environments (Chaney et al., 2009) .
The reduction of Cd concentration in potato flesh grown in LM treatments was anticipated because these two rates of lime were selected from a previous study using the same soil, where the effects of seven rates of lime treatment were tested on the Cd solubility and uptake by white lupin (Valentinuzzi et al., 2015) . Lime treatments in soil have been reported to both increase and decrease the uptake of Cd by plants. Lime significantly increased soil pH (Table 6) , which has been associated with decreasing the accumulation of Cd in plants in almost all studies (Hong et al., 2007; Kabata-Pendias and Mukherjee, 2007; Kim et al., 2016; Simmler et al., 2013) through increasing the availability of negative binding sites on variable charged soil moieties (Brady and Weil, 2008 ) that may bind Cd. Our results stand in contrast to other studies that reported an increased uptake of Cd by plants due to lime application, which was attributed to competition between Cd and Ca for sorption sites in soil (Chaney et al., 2009; Maier et al., 2002; McLaughlin et al., 1997; Merian, 1991) .
A positive growth response to compost addition has also been shown by other authors (Barkoczi et al., 2008; Khan et al., 2007; Muhammad et al., 2007) . The composts used in this study contained high P content compared with the soil, and thus no fertilizer was used, which eliminated the risk of further addition of Cd input in this soils. Moreover, this compost probably improved the physical properties of soils by improving soil porosity, aggregate stability, nutrient-and water-holding capacity, and temperature insulation and by decreasing apparent soil density (Sarwar et al., 2008; Shiralipour et al., 1992) and soil nutrient content (Shiralipour et al., 1992) . The reduced shoot growth in the lime treatment may have been due to the imbalance of nutrient elements in soil due to the pH increase (Maier et al., 2002) .
Conclusions
Composts with contrasting provenances all decreased the concentration of Cd in potato tubers and skins and decreased the Ca(NO 3 ) 2 -extractable concentrations of Cd in soil. Most of this effect was attributed to the increased number binding sites for Cd in compost-amended soil. In addition, the increase in fertility associated with compost addition may have reduced potato Cd concentrations by increasing the biomass, thereby resulting in a "dilution by growth" effect. All composts and lime significantly increased tuber growth except SC, which significantly reduced growth. That all the composts in this study reduced Cd uptake does not imply that every compost will do so. Further work is warranted to identify the key components of composts that result in reduced Cd uptake by plants and increased biomass of potato. Potentially, composts may be a low-cost means of ensuring that crop Cd concentrations remain within Food Safety Standards by reducing plant uptake and offsetting the need to apply Cd-contaminated phosphate fertilizers.
